INTRODUCTION

3
Antimicrobial peptides (AMPs) are a diverse group of oligopeptides that constitute the 4 effector molecules of the innate immune response. They occur in all domains in nature, 5 including bacteria, protozoa, fungi, molluscs, arthropods, vertebrates, and plants. AMPs have 6 a broad spectrum of antimicrobial activity and provide protection against bacteria, fungi, 7 parasites and viruses; however, recent research has provided evidence of additional roles in 8 inflammation, immunity and wound healing [1] .
9
AMPs are extremely diverse in primary structure. There is no clear correlation between 10 structure, potency and selectivity. However, size, charge, hydrophobicity, and amphipathicity 11 are crucial physicochemical properties for their biological activity [1, 2] . Most antimicrobial 12 peptides contain between 8-45 amino acids and a positive net charge of +2-+6 at pH7 [3] . In presumed that this taxon also produce bioactive peptides in their skin. 22 Several studies have demonstrated the robustness of complementing data from shotgun 23 molecular cloning, Edman N-terminal sequencing and tandem mass sequencing for 24 peptidomic studies on frog skin secretions [10, [21] [22] [23] ]. In the current study, a new family of 1 15 antimicrobial peptides is reported in the splendid leaf frog, Cruziohyla calcarifer and are 2 named cruzioseptins. These contain an N-terminal sequence motif, GFLD-and the sequences 3 -VALGAVSK-or -GKAAL(N/G/S) (V/A)V-in the mid-regions of their mature peptides.
4
Cruzioseptins showed a broad spectrum of antimicrobial activity against Staphylococcus 5 aureus, Escherichia coli, and Candida albicans with low haemolytic effects.
6
METHODS
7
Skin secretion extraction 8 Two adult specimens were collected in northwestern Ecuador (Esmeraldas Province, 
16
Twelve additional samples were taken from a group of 13-month-old captive bred frogs, 17 whose parental line came from a Costa Rican population. Specimens were housed in terraria 18 as pets in Belgium and Austria. Samples were extracted in the same way as described above,
19
but instead of freeze-dried they were acidified with TFA and were transported at room 20 temperature to the laboratory facilities in Queen's University Belfast.
21
Molecular cloning
22
Lyophilized skin secretions were dissolved in buffer A (99.95% water; 0.05% trifluoroacetic 1 acid), pooled, and aliquoted into two tubes. One was employed for molecular cloning and the 2 other for HPLC fractionation. One aliquot, equivalent to skin secretion of 2.5 frogs of the Ecuadorian sample, or 1.3 mg of 4 the Costa Rican sample, was dissolved in 1ml of cell lysis/ binding buffer, and 5 polyadenylated mRNA was isolated using magnetic Dynabeads Oligo (dTs) as described by 6 the manufacturer (Dynal Biotec, UK). Isolated mRNA was subjected to 3'-rapid 7 amplification of cDNA by using the SMART-RACE kit (Clontech, UK). In brief, three sets cloned using a pGEM-T vector system (Promega Corporation) and sequenced using an ABI 21 3100 automated sequence.
Reverse-phase HPLC fractionation and Edman degradation 23 The second aliquot of freeze-dried skin secretion (corresponding to 2.5 frogs) was dissolved 1 in 1.2 ml of buffer A (99.95% H2O, 0.05% trifluoroacetic acid) and clarified by 2 centrifugation. 1 ml supernatant was subjected to reverse phase HPLC employing Waters 
MALDI-TOF MS
17
The molecular masses of peptides and proteins in each chromatographic fraction were acid matrix. Two microliters of sample plus 1 µl of matrix (10 mg/ml) were allowed to dry 22 and were later analysed in the range of 500-5000 Da. ions generated from a FASTA database specific for this species built by molecular cloning 17 (as described above) to confirm the amino acid sequences of individual peptides. incubated at 37ºC overnight and inhibition zones were recorded as antimicrobial activity.
18
Solid phase peptide synthesis (SPPS)
10
Minimal inhibitory concentration MIC and minimal bactericidal concentration MBC assays
11
MICs of the synthetic peptides were determined against E. coli, S. aureus and C. albicans. In 
19
RESULTS
20
Molecular cloning of novel antimicrobial peptide precursor-encoding cDNAs 21 Seven full-length and four partial-length cDNAs encoding novel peptides were cloned from 
). In addition, 6 of the 15 peptides were C-terminally amidated with a Gly (G) residue as the 8 amide donor (Table 2) . Nucleotide sequences were submitted to the GenBank (NCBI) under 9 accession numbers: KX065078-KX065088.
10
Each novel nucleotide sequence was analysed using the NCBI database and they showed 80- 
16
It is remarkable that all cruzioseptins 1 to 15 were 100% identified by LCQ MS/MS 17 fragmentation sequencing employing the whole skin secretion of C. calcarifer (Table 2) .
18
Antimicrobial and haemolytic assays of cruzioseptins 19 Once sequences were confirmed, cruzioseptins 1-3 were selected for further analysis. CZS 1 20 and 2 were chosen because these peptides were identified in HPLC fractions as detailed 21 above, but in order to determine their potency and specificity more pure peptides were 22 required. CZS-3 was included later due to the sequence similarity with CZS-2, aiming to 1 determine the effect of the 3 amino acid differences in its antimicrobial activity. these novel antimicrobials were not classified as dermaseptins; instead, they were assigned to 23 a new family of antimicrobial peptides -the cruzioseptins.
24
The GFLD-N-terminal motif is also found in other four amphibian skin antimicrobial two or three folds concentration increase to reach the bactericidal effect (Table 4) . This is an (Table 3) .
15
The predicted secondary structures and physico-chemical properties of the three cruzioseptins
16
(CZS-1, CZS-2, and CZS-3) are shown in Table 3 . All three cruzioseptins have a similar acids hydrophilic residues placed at the opposite side (Table 3 and Figure 7 ). University Belfast, and Centro Jambatu, and help of the Global Environmental Facility (GEF)
11 and "Programa de las Naciones Unidas para el Desarrollo" (PNUD).
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Observed ions are underlined in blue and red typefaces. charge depends on pH. Non polar residues are in yellow and polar residues are in purple.
9
Uncharged residues of glycine and alanine are in grey and asparagine and glutamine are in 
C)
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